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Abstract 
A novel sensor structure using SnO2 thin film matrix integrated with nano-clusters of metal oxide modifiers were fabricated with 
the help of rf-diode sputtering for low level (500 ppm) detection of SO2 gas at lower operating temperature of 180 °C. Ultrathin 
dotted clusters (10 nm thick and 600 μm dia.) of various metal oxide catalysts (PdO, CuO, NiO, MgO, V2O5) were loaded over 
the SnO2 surface. Due to the difference in work function of the SnO2 layer with respect to the integrated metal oxide catalyst, all 
prepared sensor structures exhibited high resistance in air. SnO2 film with NiO nano-clusters is found to exhibit a maximum 
sensing response of ~56 at a low operating temperature of 180 °C towards 500 ppm of SO2 gas with a fast response time of 80 s. 
The rough and porous morphology of the SnO2 thin film with the formation of hetero- interface favours the sensing of SO2. 
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1. Introduction 
    In recent years, the demand for sensing devices to monitor low concentrations of toxic gases, like NH3, H2S, NO2, 
SO2 has been increased significantly [1]. Among all the gases, SO2 has gained the limited attention [2]. Sulfur 
dioxide (SO2) is produced in the environment mainly from the combustion of sulphur containing compounds such as 
coal and fuel oil and natural reactions such as volcanic eruptions and forest fires [3]. In the atmosphere, SO2 gets 
converted to sulphuric acid which contributes to acid rain. Several human-based studies have shown that repeated 
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exposure to low concentrations of SO2 (<5 ppm) can cause permanent pulmonary impairment [4]. This brings forth 
the need for the efficient detection of SO2. Amongst all the available gas sensing techniques, conductometric sensors 
are fast, reproducible and are low cost. Semiconducting tin oxide (SnO2) based conductometric gas sensors have 
received much attention for more than four decades due to their suitable physical-chemical properties and possibility 
to detect wide variety of gases with high response [5–8]. SnO2 is naturally non-stoichiometric having a rutile phase 
that eases the adsorption of oxygen on its surface and thus it is highly sensitive towards many toxic and harmful 
gases. The operating temperature and selectivety of the sensors may be improved by using appropriate metal/metal 
oxide modifier/catalyst [7, 8]. Hence, the present work focuses on the fabrication of SnO2 thin film based SO2 
sensor using appropriate catalyst. 
2. Experimental 
   SnO2 thin films of 90nm thickness were deposited by rf diode sputtering technique using a metal Sn target 
(99.999% pure) in a reactive ambient of Ar and O2 gas mixture. The optimized deposition parameters are given in 
table 1.  
                 Table 1. Deposition parameters of SnO2 thin film.  
                   Target Tin (99.999 % 
pure) 
                   Pressure 10 mT   
                   Gas Composition Argon (50 %) + 
Oxygen (50 %) 
  
                   RF power 
                   Substrate to target Distance 
                   Substrate temperature 
                   Thickness 
75 W 
6.5 cm 
No heating 
90 nm 
  The sensing response characteristics of SnO2 thin films were studied using Inter-digital Electrodes (IDEs) of 
platinum (Pt). The PdO, CuO, NiO, MgO and V2O5  modifiers/catalysts were incorporated onto the surface of SnO2 
thin film in the form of nano-clusters of 10 nm thickness using the rf sputtering technique and the respective metal 
targets at a sputtering pressure of 10 mTorr in 100% Ar gas ambient. A shadow mask having uniformly distributed 
pores of diameter 600 μm was utilized for deposition of nano-clusters of modifiers.  
   Thickness and surface roughness of deposited thin films were measured using a Veeco Dektak 150 surface 
profiler. Crystalline structure of SnO2 thin films was studied using Bragg–Brentano (θ–2θ) scan of a X-ray 
Diffractometer (Bruker D8 Discover) using the CuKα1 source (λ = 0.154 nm). A Double Beam UV–visible 
Spectrophotometer (Perkin Elmer, Lambda 35) was used to study the optical properties of SnO2 thin films. 
   A specially designed gas sensor test rig (GSTR) has been used to study the gas sensing response characteristics of 
the sensing layer for SO2 gas. The sensor was placed on a temperature controlled heating block inside the glass test 
chamber to measure the sensor response as a function of temperature (100 to 300 °C). At each temperature the 
sensor was first stabilized in air to obtain a stable resistance value. Target gas (SO2) of specific concentration 
(500ppm) was introduced into the test chamber and changes in the sensor resistance were recorded after every 
second using a data acquisition system consisting of a digital multi-meter (model: Keithley 2700) interfaced with a 
computer. SO2 is an reducing gas and the sensor response for the same is defined as :   
 
Rg
RgRaS  
                                                                                                                           (1)                              
  where, Ra and Rg are the resistances of the sensor element in the presence of atmospheric air and target SO2 gas 
respectively. 
3.  Results and Discussions 
    The as-grown SnO2 thin film was found to be amorphous, and therefore annealed at 300 °C in air atmosphere 
for one hour to make it crystalline. Fig. 1 shows the X-ray diffraction (XRD) pattern of the post annealed SnO2 thin 
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film grown on corning glass substrate. The XRD peaks observed at 2θ ≈ 26.6°, 33.8° and 51.8° (Fig. 1) are 
corresponding to (110), (101) and (211) planes respectively of the cassiterite structure of SnO2 [9], indicating the 
growth of polycrystalline SnO2 thin films. All the observed XRD peaks are found to be broad (Fig. 1) showing that 
the crystallite size of deposited SnO2 thin film is of small size. The crystallite size was estimated by fitting the width 
of dominant (101) diffraction peak using the Scherrer’s formula and is found to be about 8 nm. The XRD analysis of 
metal oxide modifier SnO2 sensors do not show any peak related to the presence of metal oxide catalysts and is due 
to the presence of very small amount (10 nm thin) of Pd clusters. Fig. 2 shows the optical transmittance spectra of 
the SnO2 thin film deposited on Quartz substrate. The SnO2 thin film exhibits a high transmission (>80%) in the 
visible region and show a sharp fundamental absorption edge at around 340 nm. From the Tauc plot the estimated 
value of band gap (Eg) for SnO2 thin film was found to be about 3.7 eV which is close to the corresponding reported 
value [10].  
  
               Fig. 1. XRD spectra of SnO2 thin film deposited by rf sputtering technique and post annealed at 300 oC in air. 
 
Fig. 2. UV- Visible spectra and Tauc plot (inset) of SnO2 thin film deposited on quartz substrate annealed at 300 oC in air. 
Fig. 3 shows typical SEM image of the annealed SnO2 thin film surface. It can be clearly observed from Fig. 3 
that the SnO2 thin film grown by rf sputtering technique has uniformly distributed grains with rough and porous 
morphology. 
  
 Fig. 3. SEM image of annealed SnO2 thin film. 
  Fig. 4 shows the variation in sensing response with temperature for the prepared sensors towards 500 ppm SO2 gas. 
It is observed that with increase in temperature the sensing response increases, attains a maximum value at a 
particular temperature known as operating temperature and then the sensing response reduces with further increase 
in temperature. Table 2 shows the response time and recovery time of PdO/SnO2, CuO/SnO2, NiO/SnO2, 
MgO/SnO2, V2O5/SnO2 sensor structures at their respective operating temperatures towards 500 ppm of SO2 gas.  
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Table 2. Sensor response, operating temperature, response time and recovery time of PdO/SnO2, CuO/SnO2, NiO/SnO2, MgO/SnO2, V2O5/SnO2 
sensor structures at their respective operating temperature towards 500 ppm of SO2.  
                     Sensor Sensor Response Operating 
temperature (°C) 
Response time (s) Recovery Time (s) 
                   PdO/SnO2 12 200 170 100 
                   CuO/SnO2 5 160 200 150 
                   NiO/SnO2 
                   MgO/SnO2 
                   V2O5/SnO2 
56 
2 
1.5 
180 
120 
240 
80 
125 
106 
70 
120 
115 
For more clarity among the prepared hetrerostructure sensors, operating temperatures of all the sensors are also 
included. The sensing response is maximum (56) for NiO/SnO2 sensor structure at an operating temperature of 180 
°C towards 500 ppm SO2 gas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. SEM image of annealed SnO2 thin film. 
4. Conclusion 
   Among the prepared heterostructures NiO/SnO2 heterostructure gives the best sensing response of 56 at an 
operating temperature of 180 °C towards 500 ppm SO2 gas with a response and recovery time of 80 s and 70 s 
respectively. 
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